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conservation management. Villagers under his control have to 
ask permission before collecting wood for building roofs, kraals 
etc. from the mopane veld. In the collection of firewood (fallen 
dry dead wood) no permission is necessary. It was noticed that 
the younger generation of vi llagers tended to ignore to an extent 
the advice and leadership of the elders of their respective areas. It 
was. furthermore. found that very little information is carried 
over from one generation to the next. 
Although a total mopane culture does not really exist in the 
Venda region as is common in Zimbabwe and Botswana. 
mopane stil l makes a big contribution to the daily lives of the 
Vhavenda in terms of medicine. firewood and building material. 
It is spcndated that the reason for chewing and not grinding 
the leaves of mopanc before applying it to areas of chaffing, 
might be that compounds in the saliva need to interact with and 
then activate certain compounds in the leaf or bark. Another rea-
son might be that it is much easier to chew a few leaves and 
apply it on the spot than waiting unti I the person gets to a place 
where it could be ground. Leaf material moistened by saliva 
would also adhere much better than a dry powder. 
~v1opanc is the preferred wood to use as fuel in the Venda area. 
\lopane wood is reported to have an energy content of21 570 kJ/ 
kg ( Timb~:rlake 1995 ). Prior and Cutler ( 1992) state that in rural 
,\ fl·ica \\'Ootl provides up to 96% of the energy used. with each 
person need ing up to 1.5 cubic metres of wood per year. Calcula-
tions show that a family in Venda consume approximately 6.4 
cubic m~:tr~:s of wood per year for firewood. This fi gure is very 
close to that expressed by Prior and Cutler ( I 992). Furness 
t 198 1) presents ligures of 8.44 m~ per family per annum for fire-
wood in areas or high availability in Zimbabwe. Thus firewood 
consumption of (1.4 cubic metres of wood per annum by the 
\ 'havcnda is compnrable to that of other well -wooded areas. 
The presence of calcium oxalate crystals in the wood is impor-
tant in determining wood quality for use as fuel. Calcium oxalate 
crysta ls act as a flame retardant and promote a 'glowing' com-
bustion. Long lasting embers arc better for cooking and heating 
than a quid, llare-up (Prior & Cutler 1992). In dry areas where 
much moisture evaporates tl·om the soi l. soluble sal ts become 
concentrated in its upper layers. This leads to the development of 
mopane with a shallow root system containing more oxalate 
crystn ls than most trees in the Venda area- thereby making it a 
preferred species for fuel. 
Prior and Cutler (I 992) state that calcium oxalate also has 
another bem: tit. it make trees Jess palatable to termites. Termites 
can cat their way into much of the heartwood. leaving it suscepti-
ble to secondary fungal invaders. The fungi. in turn. can cause 
cxtcnsivc hc<lrt rot. Because of the large amount of crystals in the 
bark of mopane it is less susceptible to termite attacks and , there-
ti)rc. lasts longer in constructions such as for fencing. hut and 
kraals than most other species lillllld in the Venda area. 
Observations on the effect of timber gathering on the vegeta-
tion shcm cd a similar trend to that observed by Liengme {1983) 
in Gazankulu. This includes the decrease in cutting damage to 
trees as one moves away from the perimeter of a village. The 
density of trees increases away from the village and shrubs tend 
to be smaller ncar the villages. There is also no dead wood on the 
ground nenr the villages. 
It was found that very little traditional information is passed 
on from one generation to the next. 1\ factor contributing to the 
loss of knowledge is the migration of young people to urban 
areas where commercial equivalents are then avai lab le. 
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The bufadienolide content of plant material denved from t1ssue cul-
ture of Drimia robusta Bak was determined by spectrophotometry. 
Bufadienolides were present in callus, and in three-, six- and 
ten-month-old ex vitro plants. Qualitative TLC analysis showed 
that the tissue cultu re denved plants contained the same bufadi· 
enolides as did the mother plant. 
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The over-exploitation of a number of indigenous plants for 
medicinal use is well documented (Cunningham 19ll8: tv1andcr 
I 997). As the need for medicinal plants is not decreasing. alter-
natives to collection in the wild must be developed. At present. 
projects on development of plant species used in traditional med-
icine as crops for small scale fanning are underway. for a 
number of species the need tor rapid mass propngntion can only 
be met via in l'itro culture. It is, however. necessnry to evaluate 
the plant material obtained from micropropagntion to ensure that 
it quantitatively and qualitatively contains the same compounds 
or activity as the mother plant. Drimia rol>~~sta is one of the mnst 
used medicinal plants in KwaZulu-Natal and is now in slwrt sup-
ply (Eloff 1998; Waddington 1999). Its common nam e is 'bran-
dui', and Zu lu names include ' indongana-zibomvana· and 
' isiklcnama' . D. ro/)/{.1'/a is used in traditional medicine as an 
expectorant. emetic, diuretic. and as a treatment for feverish 
colds (Pujol I 990: Hutch ings <!I a/. I 996). Bufildienol ide-t~ pe 
cardiac glycosides have been detected in the bulbs and arc 
thought to be responsible for the expectorant and diuretic action 
for which the plant is used in traditional medicine ( l.uyt et rtf 
1999). Very little work has been done on bufadienolide 
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production in tissue culture (McCartan & van Staden 1999) 
The objective of this study was to analyze material produced 
by micropropagation of D. rohu.~ta for the presence of bufadi-
enolides. In 1·itro cultures originated from the cultures estab-
lished by Ngugi et a/. (1998) and were micropropagated 
according to their protocol with the exception that the plantlets 
were acclimat ized in a misthouse. The micropropagated material 
was compared to vegetative clones (grown at the Botany Garden, 
Pietermaritzburg) of the mother plant used for initiation of the in 
1·itro culture. The mother plant was obtained from Silverglen 
l\1edicina l Nursery, Durban. A voucher specimen has been 
deposited in the University of Natal Herbarium, Pietermaritzburg 
under the number Luyt I NU. 
The following stages of tissue cultured materials were col-
lected for analysis: ( I) callus, (2) three-month-old, (3) 
six-month-old, and ( 4) ten-month-old ex vitro bulbous plants. 
The lengths and widths of the bulbs were measured: 
three-months-old bulbs were 1.0 em long and 1.3 em wide, 
six-months-old were 3.0 em long and 2.0 em wide and 
ten-month-old were 3.5 em long and 2.5 em wide. Bulb material 
from mature, naturally grown plants was harvested and dried at 
50°C for T2 hours. The callus and the bulbs of the tissue-cultured 
material were dried at 50°C for 24 to 36 hours. The ex vitro bulbs 
were too smnll to obtain sufficient material for an analysis from 
one bulb. so all bulbs of an age group were pooled together. Al l 
dry plant material was ground to fine powder. 
Extraction and quantification ofbufad ienolides was performed 
according to Kopp el a/. ( 1990). This method has been specifi-
cally developed to exclude all other components in plant extracts 
that could interfere with the spectrophotometric determination of 
bufadienolides and has been used for investigating the seasonal 
variation in total bufadienolides in Urginea sp. (Krenn et a/. 
1996). Dried plant material (0.75 g) was boi led with 26.5 ml 
methanol and 8.5 ml water for 30 minutes under reflux. The 
extract was tiltered. Thirty six ml of ethylmcthylketone-n-propa-
nol ( I: I v/v) were mixed with 20 ml extract and centrifuged. 
fifty ml of this mixture were taken to dryness under vacuum and 
redissolved in 50 ml methanol. A column, I em in diameter, was 
packed with Dowex MSA- 1 (a strong basic anion exchanger) to a 
height of 7 em. Twenty ml of the methanol ex tract were applied 
to the column. and further eluted with 25 ml methanol. The flow 
was approximately 0.33 ml min·1• The total eluent was taken to 
dryness under vacuum and redissolved in 4 ml methanol. A 
blank was prepared by running 45 mlmethanol through a Dowex 
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mature \'Cg_ctative clone of the mother plant. 
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Figure 2 TLC analysis of a semi-puritied bulb extract or 0 . 
rohustn for bufadienolides. The TLC plate was deve::lopcd in ethyl 
acetate:methanol:water 81: II :8 und staim:d with SbCI1• A: in day-
light. B: under 366 nm ultraviolet light. I: extract of a vegetative 
clone of the mother plant. 2: Extract of ex vitro plant. 3: pro-
scillaridin A. 
MSA-1 column and subsequently treating the eluent in the same 
way as the samples. 
One ml redissolved sample was diluted to 20 ml with metha-
nol. Five ml of this solution were mixed with I ml 5 N KOH in 
70% methanol. After I 0 min the absorbance of the sample was 
measured at 355 nm against the blank. Reference to a standard 
curve (concentration ofproscillaridin A versus absorbance) ena-
bled the tentative determination of the amount of bufadienolides 
present in each plant extract. As proscillaridin A has previously 
been isolated from D. robus/a (Luyt et at. 1999), this compound 
was used as a standard in order to calculate the total bufadieno-
lide content in the material. An absorption spectrum recorded for 
the proscillarid in A standard indicated that peak absorbance 
occurred at 355 nm, which is in accordance with previous find-
ings (Kopp et at. 1990). The experiment was performed in 
duplicate. 
The results indicate that all the plant material developed in 
vitro produced bufadienolides (Figure I). The synthesis of bufa-
dienolides in Urginea indica Kunth. has previously been 
reported to be strictly correlated with organ differentiation, with 
shoots containing only trace amounts of prosci llaridin A whereas 
regenerated bulbs contained both. prosc illaridin A and scillaren 
A (Jha el at. 199 1 ). However, bufadienolide analysis of plant 
material derived from tissue cultures of D. robusta did not show 
this correlation. Bufadienolides were detected in callus at a con-
centration of approximately 0.026 mg g·1 Dw, which was higher 
than that of the bulbs of the 3- month-old ex vitro plants (Figure 
I ). Extracts from callus and suspension cultures of Urginen mar-
itima did not contain scillaren A and proscillaridin A, and three 
major compounds isolated did not seem to be identical or si milar 
to standard squill bufad ienolides (Shyr & Staba 1976). A 
semi-purified extract from the U. maritima tissue cultures did, 
however, produce pronounced vasodilation and bradycardia in 
rabbits (Kaul et a/. 1967). Differentiating callus cultures of U 
indica contained trace amounts of proscillaridin A (Jha 1988). 
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To investigate whether the bufadienolides synthesized in ex 
ritro plants of f) robusta are the same as those in the parent 
plant. qualitative TLC analysis was carried out. Material of ex 
ritro bulbs and from a vegetative clone of the mother plant was 
processed as above and applied to the MSA-1 column. The elu-
ate was collected, taken to dryness and resuspended to I mg mi·1 
in methanol. Thirty ~tf of extracts and 20 J.tl of a I mg mf·1 pro-
sci llaridin /1 standard were appl ied to a Merck Sil ica 60 F254 
TLC plate ( 0.25 n11n ). The plate was developed in ethyl ace-
tatc:methanol :water 8 I: II :8 and then sprayed with a 20% solu-
tion of antimony-l 11-chloride in chloroform and heated at l i0°C 
for 6 min. Viewed in day light and under 366 nm ultraviolet light 
the two extracts appeared to have the same bands (Figure 2). It 
should be mentioned that in the extracts proscillaridin A has a 
slightly lower R1-value than the standard compound. The ex l'itro 
plants thus seem to contain the same bufadienolides as the 
mother plant. In l/ indica one-year-old tissue culture derived 
bulbs showed the presence ofbufadienolides characteristic ofthe 
parent plant (Jim 1988). In Boweia the cardiac glycoside profi les 
of m 1·itro-produced plantlets were identical to those of in 
,.;1'0-grown plants (Finnie eta/ 1994 ). 
This study showed that tissue-cultured material of D. robusta 
contains the nctive constituents for which it is used in traditional 
medicine. This means that micropropagation can be used as a 
technique to bulk up plants of this species for use in small scale 
fanning of medicinal p lants. 
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